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2344606 

WELLBORE CASING 
Cross Reference To Related Applications 

This application claims the benefit of the fifing date of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7A998, the disclosure of which is incorporated herein by reference. 
Background ef Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are formed using upwtfUKy tubing. 

Conventionally, when a wellbare is created, a number of casings are 
5 installed in the borehole to prevent coBapee of the borelu^ 
undesired outflow of drilling fluid into the formats 

formation into the borehole. The borehole is drilled in intervals whereby a casing 
which is to be installed in^ 

installed casingof en upper borehole interval As a consequence of this procedure 
10 the casing of the lower interval is of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces ofthe casings and the 

walL As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves mcreasedcosU due to 

drill bits and increased volumes of driffing fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed 

Hie present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provide 



in the borehole, injecting fluidic material into the borehole, and radially expanding 
the liner in the borehole by extruding the liner off of the mandreL 

According to another aspect of the present invention, a method of forming 
a waUborg casing is provided that includes drilling oat a new section of the 
5 borehole adjacent to the already existing casing A tubular liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overiar^ung 
an already existing casing. A hardenable fluidic sealing material is injected into 
an annular region between the tabular liner and the new section of the borehole. 
The annular region between the tubular liner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandreL A non hardenable fhiidic materiel is then injected into the interior 
region of the tubular liner below the mandreL The tabular hner Is ertrudedoffof 
the mandrel. The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing, The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fhiidic sealing 
material is removed from the interior of the tubular hner. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a flrctfluid 
passage. The mandrel is coupled to the support member and includes a second 
25 Quid passage. The tubular member is (m^led to the mandi^ The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operabiy coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that irtrhiriew a support memb er, an 
30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandnd is arapled to the support n^ He 
tubular mambff is coupled to the mandrel and includes one or more sealing 
elements. The shoe Is coupled to tbe tubular member and inchides a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that indudespos 
10 of the second tubular member. A portion of an interior regkm of the second 
tubular member is pressurized and the second tubular member is extruded off of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end portion oftheaimular member, and one or more pressure relief passages 
at an md portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an annular bocry of a cured fhixdk 
sealing materiaL The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing wellbore casing is provided that includes a tubular Imer end an 
annular body of cured fhridir npsling materiaL The tubular liner is formed by the 
process of extruding tbe tubular Kner off of a mandreL The annular body of a 
25 cured fluidlc sealing material is coupled to the tub ular liner , 

According to another aspect of tbe present invention, en apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and s shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. Hie mandrel includes 
30 a second fluid passage operahfr coupled to the first fluid passage, an interior 
portion, and an exterior portion. Hie interior portion of the mandrel is drfllable. 
The tabular member is coupled tothe mandreL The shoe is coupled to the tubular 

-3- 



member The shoe include* a third fluid passage operably coupled to the second 
fluid passage, aa interior portion, and an exterior portion. The interior portion of 
fheafcoeisdrillaMe. 
Brief Description of the Drawings 
5 FIG. lis a fragmentary cross-sectional view ittuatratmgthedriilingofanew 

section of a veil borehole. 

FIG. 2 is a fragmentary crosa-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 U a fragmentary cross-sectional view Dhxatrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

HG.3a is another fragmentary cross^^ 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary crosa-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary crosa-aectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FFT g ^ • fr apiTiimfaiTy cross-sectional illustration of the plseffmpnt of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a driHable mandrel and shoe. 
30 JIG. 9a is another cross- sectional illustratkm of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another crosa-aectional Qhistration of the apparatus of FIG. 9. 
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FIG. 10a is a cross sectional flhtttratkm of a weUbore including a pair of 
mffacent overlapping casings 

FIG. 10b is a crosMectkraal illustration of an apparatus and method for 
creating a tie-back liner nang an egpandible tabular me mber . 

FIG. 10c is a erosa^ectfnnal i l ln gr r atfam of the pumping of a fluidic sealing 
material into the annular rag^ 

eas i ng ; 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tabular member below the mandrel. 
10 FIG. lOe ia a croea-aeetional illustration of tbe extrusion of the tubular 
member off of the mandreL 

FIG. lOfiaaeroaeHtectionftlilhiatrftti^ 
out the Bhoe and packer. 

FIG. lOgisa croB-sectkmal DWration of the completed tie-back liner 
15 created using an expandable tubular member. 

FIG. llaisafh^meirtaiycross-eect^^ 
new section of a well borehole. 

FIG. llbisafra gm e n taryero ro poctional view illustrating th» pl.M-.^nt pf 
an embodiinent of an apparatus finrhai^mgaU^ 
20 of the well borehole. 

HQ. lie ia a fragmentary cr own s e ctional view Illustrating the injection of 
a first quantity of a hardenable ftniriir uniting material into the new section of the 
well borehole. 

FIG. lid ia a fragmentary croea-eectionaj view fflustratingthe introduction 
25 ofawiperdartmtothenewBectionof tbnweUbo 

FIG, lie U a fragmentary crow secBoMd view flhjatratmg toe injection of 
a second quantity of a hndenabto flrrfdfff eealing material into the new section of 
the well borehole. 

FIG. llf is a fragmentary cross-sectional view imiatrating the completion 
30 of the tubular liner. 
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Detailed Description of the IDnstrative Kmboriimpn ta 

An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 

5 member and a mandrel in a new section of a weDbore, and then ertniding the 
tubular member off of the mandrel by pressurizing an ulterior portion of the 
tubular member. The apparatus and method farther permits a4jacent tubular 
members in the wellbore to be joined using an overlappingjoint that prevents fluid 
and or gas passage. The apparatus and method Anther permits a new tubular 

10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the prating tubular member. The 
apparatus and method further minimises the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. Hie apparatus and method further permits adjacent tubular members 
in the weBbor© to be joined using an overlapping joint that prevents fluid and/or 

20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an «yr«fing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus is composed of materials that 
permit tie interior portions to be removed 

In this manner, in the event of a malfunction in a downhok region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. Th e apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 



Referring initially to Figs. 1-5, an embodiment of an apparatus and method 
for forming a wefflwre casing within a subterranean formation will now be 
described. A«flhistratedmfig.l,awellbore ^ 

formation 105. The wellborn 100 incnjdes an imi^casrf section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the weHbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for fonnhigawellborecasingin 
10 a subterranean foxinatkm is then posi 

100. The apparatus 200 preferably includes an expandabte mandrel or pig 205, a 
tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, afbnoi>a5sage240,BesJs245,andasupport 
member 250. 

15 The expandabk mandrel 205 is coupled to and aupported by the support 

memb er 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially avaflahtft ex pandable "»«nd Hf m^j^H in 
accordance with the teachings of the present disclosure. In a preferred 
20 embodiment, the ffrpanrinhie mandrel 205 comprises a bydranik expanaiDn tool as 
disclosed in U.S. Patent No. 6,3*8,096, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

Thehfoularmember210issupi>or^ The 

25 tubular meinbw 210 is expanded m the 

expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional COinmenaauy available materials such as, far example, 
Oilfield Country Tnbular Goods (OCTQ), 13 chromium steel tubmg/casing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 

30 fabricated from <XTC to order to 

The inner 

and outer diameters of the tubular member 210 may range, for example, from 
approximately 0-75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 



embod imen t, the inner and outer *>f tfn» faihiiUrrrn<^mK ^r9ift range from 

about 3 to 16.5 inches and 35 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tabular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 10 

is slotted, perforated, or otherwise modified to catch or alow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimise the 
possibility of budding. For typical tubular member 210 materials, the length of 
10 the tubular member 210 ia preferably limited to between about 40 to 20,000 feet 
in length. 

Hie shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal HDown^et float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordan c e with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an ahinunum down-jet guide shoe with a sealing sleeve for a latch-down 
plug Available from Halliburton Energy Services in Dallas, TX, mo di fi ed in 

20 accordance with t he teaehjngB ofthe pra^ 

the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 15 includes one or more through and 
side outlet ports in fhiidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardensble fluidic sealingmaterial into the 
region outside the shoe 215 and tubular member 2 10. In a prefer r ed embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed offby introducing a plug, dart and/or ball sealing elements 
into the fluid passage 280. 
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The tower cop seal 220 is coupled to and supported by the support member 
260. The tower cup aeal 220 prevents foreign "»«*«^^«*hrm atferingtho interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cop eeal 220 may comprise any number of conventional commercially 
5 available cap seals such as, for example, TP cups, or Selective Injection Packer 
(SP) cups inodified in accordance with the teachings nfth» r ~»r.t djpplomiro. In 
a preferred embodiment, the lower cup seal 220 compriaeeaSIP cup seal, available 
from Halliburton Energy Services mDaDas^TXmordartooptmmllyblockforei^ 
material and contain a body of lubricant 
10 Tb* upper cup seal 225 i« coupled to and s^ 
250. The upper cup aeal 225 prevent* foreign mate^ 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conv enti onal commercially available cup seals such aa, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred embaument, the upper cup seal 225 comprises a SIP 
cup, available from Hallibur^^ 

block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fhudk materials to be transported to and 

p^timuiteriorregion of the tubu lar niemb er2l0below the ezpendal^ mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 

member 250 and the expandable mandrel 206. The fluid passage 230 preferably 

extends from a position adjacent to the surface to the bottom of the expandable 

mandrel205. The fluid paaaaga 230 is preferahfrpo 

the apparatus 200. 
25 The fluid paasage 230 mpreferahkj selected, m to 

operation, to transport materials such as drilling mnd or formation fluids at flow 

rates and pressures ranging from about 0 to 3,000 gaOcns/mmute and 0 to 9,000 

pa in order to mmimixe drag on the tubular member ben^ run and to mmimize 

surge pxessuie8 exerted on the weBborewhie^ 
30 and lead to hole collapse. 

Tbefluid passage 235 pennite fluids 
passage 230. In thia manner, dtu4ng placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fluidic materials 256 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby minimizing surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllabry 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimise surge pressures. The 
fluid passage 235 is preferably positioned gubstantialr/orthogonal to the center^ 

10 of the apparatus 200. 

Tbe fluid passage 235 is preferably selected to convey fluidic materials at 
flow ratea and pressures ranging from about 0 to 3,000 gaUonatainute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
paaaage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferabry has a cross-sectional 
shape that permits aphig, or other aunilar device, tobe placed in fluid passage 240 
to thereby block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 2 10 . This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferabry positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular ir^ 

100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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inc lu des an inlet geometry that can receive ■ dart and/ox a ball sealing member. 
In this mnnma-, the fluid passage 240 can be aealed off by introducing a plug, dart 
and/or ball sealing elements into the Quid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tabularnienuw210. Theeeafc^ 
of the end portion 260 of the tabular member 210. The seals 246 permit the 
ovCTlapping joint between the end portion 270 of the casing 115 and the portion 
280ofthetubnl8rmemoex210tooefliridicty The seals 246 may comprise 

any number of conventional mmm n r i itlfr available seals aoxh as, for example, 
10 lead, rubber. Teflon, or epoxy seals modified m accordance with the wm^ - ~ f 
the preeent disclosure. In a preferred embwnment, the seals 245 are molded from 
Straialock epoxy available from Hallibiirton Energy 8er%^m Dallas, TXmordOT 
to optimal*/ provide a load bearing mterfeience fit between a»e end 260 of the 
tubular member 210 and the end 270 of the existing casing 115 
15 In a preferred embodiment, the seals 246 are selected to optirnally provide 

a sufficient frictional force to support the expanded tubular member 2 10 from the 
existing casing 115. In a preferred embodiment, the frictional force crotunally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 The support member 250Ueouplad to the expandable mandrel m. tub"i"- 
inember 210, shoe 216, and seals 220 and 226. The support member 250 
preferably comprises an annular niember hs^mg sumefeut strength to 
apparatus 200 into the new section 130 of the weQbore 100. In a preferred 
enuMdmwt, the support member 2» 
25 centraliaera (not flmstrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 ia provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tabular member 210. mt hiarmmner , the extrusion of the tubular inember 210 off 
ofthe expandable mandrel 205 Ufacih^ The lubricant 275 inay comprise any 
SO number of conventional commerce 
Lubriplate,(mlarine based m 

(3100). In a preferred embahment, the lubricant 275 compriaea Climax 1500 
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Antisieze (3 100) available from Climax Lubricants and Eq uipment Co . in Houston, 
TK in order to optimally provide optimum lubrication to facfl i a te the expansion 
process. 

In a preferred embodiment, the support m em ber 260 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200, In this manner, 
the introduction of foreign material into the apparatus 200 is minimized This 
minimigCSthgpOSaibDftyrf fhwngnmfltftriiil dngg^ngi^TfaTkmsflowpasga^an^ 

valves erf the apparatus 200. 

In f prffr-H f»mV^tiTMmf before ™* ***** positioning th^ apparatus Sflft 
10 within the new section 130 of the weflbore 100, a couple of weflbore volumes are 
circulated in order to ensure that no foreign mstrrinli are located within the 
weflbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 g™** «nTqr** "ft fixrgign material interferes with the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and a hardpnaole 

fhiidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weflbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, 

1,500 galloris/inm, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and weHbore sizes, weflbore section length, 
available pumping equipment, and fluid properties of the fhiidic material being 
pumped. The optimum flow rate and operating pressure are preferably determined 

30 u si ng conventional empirical methods. 

The hardentble fhndk sealing material 305 may comprise any number of 
conventional commeraaJfr available hardenable fhiidic sealing materials such as, 



-12- 



for example, slag mix. cement or epoxy. In a preferred embodiment, the 
herdanable fhridic sealing material 805 mmpwi^ a blended cement prepared 
specifically for the partkularw^ 

Services in Dallas, TX in order to provide optimal mipport for tabular member 210 
6 while also inamtainmg optimum flow characteristica bo as to minimise difficult ies 
during the rtiBplsoeiDfnitofcemeritm The optimum blend 

of the blended cement is preferably determined using conventional empiri cal 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 s uffic i ent ouantttteata ensure that, »pm» ~p mrf™» cf the tnhnlar member 
210, the annular regkm815of the newaoction ISO ofthewalloan 100 wffl be filled 
with material 806. 

In a particularly preferred emhodimnnt, ai iDcatrated in Kg. 3a, the wall 

t hic rn mw a n d/or the outer diameter of the tubular member 210 ia reduced in the 
16 region adjacent to the mandrel 206 in order optimal^ permit placement of the 

apparatus 200 mpoatioiiam the wellborewi^ Furthermore, in 

this manner, the initiation of the radial expansion of the tubular member 210 

during the extrusion process ia optimally facilitated 

As illustrated in Fig. 4, once the annular region 316 has been adequately 
20 filled with material 305, aplug 405, or ( 

fluid passage 240 thereby fluidicly isolating the interior region 810 from the 

annular region 315. laapreferxtdwmhnitiTnwnt.anan-hm 

306 is then pumped into the interior region 310 causing the interior region to 

pressurise. In t his manne r, the interior of the expanded tabular member 210 will 
25 not contain stenfflrwnt ■monntn of cnred material 305. Thia reduces a^d simplifies 

the cost ofthe entire process. Alternat*vety,thenurterial305may be used during 

this phase of the process. 

Once the interior region 310 becomes smu^t^ pressurized, tiie tabular 

member 210 is extruded off of the expandable mandrel 205. During the extension 
80 process, the expandable mandrel 206 may be raised out ofthe expanded portion of 

the tubular njember 210. In a preferred embodiment, during the extrusion 

process, the mandrel 206 is raised at ajnjnixmisfery the same rate as 
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member 210 is mwp»nAmA in order to keep the tubular member 210 stationary 
relative to the new wellbare section 130. In an alternative preferred embodiment, 
thftCTtnifffrr IWff! jqfQI™™™"** with tbAtMh»lflrmember21QpoffltioMd ahovn 
the bottom of the new weHbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
The plug 405 preferably acts to fhridicly isolate the hard enable fluddic 

10 sealing material 305 from the non hard winhlw flnidk material 306. 

The plug 405 may comprise any number of conventional cotnmercially 
available devices from plugging a fluid passage such as, for example , Multiple Stage 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified m accordance with the teachings of the present disclosure. In 

15 a preferred embodiment, the pl^ 

from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 

20 to 4,000 gallona/nmx In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 2 10 is mfntmlred. In a 
preferred embodiment, after placement of the phxg 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

25 ft.Pflfl gpiytn gftnin fa tn maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimite 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects win be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tabular member 210 and 

30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of hib^ 

of the tubular member 210. In general, the thicker the wall thirVnewy the smaller 
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the tamer diameter, and the greater the yfaMrtiengthrfth* tubular nember 210. 
then the greater the operating pressure* r**ih^ to extrude the tubular r^ 
210 off of the mandrel 205. 

For typical tubular members 210, the tartnisionefthe tubular member 210 
5 off of the ffiptnrlahlr mandrel wfll begin when the pressure of the interior region 
310 reaches, for example, appraxmiHtely 500 to 9,000 peL 

Dnringthe extnuaon process, the expandable immdrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
•sample, from about 0 to Sft/sec. In a preferred embodinient.dm^ 
10 process, the ap«idal>leiiuuidrel2()5i. re ^ 
tuoular member 210 atratearangn^ 
the time required fiar the expand 
the expansion proceaa. 

When the end portion 260 of the tubular nieniber210iBextiTidedoffofti»e 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferab^ ointaet the mterior « 
portion 270 of the casing 115 to form an fluid tight^lapping joint The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 pal Inapreferredembodn^ 
20 joint ranges lrom epproxm^ 

pressure to activate the annular sealing rnember, 245 and optimally provide 
rasistanre to axial inotkm to acco^ 

The overlapping joint between the section 410of theexisltogcasingllSand 
thesection265oftheexpaiidedt I ibuu^ 
25 and froidk seal InapartoilarfrprtnWed 

optin»% provide a fhudfc and gaKKmsaedmtheovittisjvh^johiL 

Ina preferredembotfment, the operatingpressureandftowrateofthenon 
hardenahlefmidicmate^ 

numdrel205 reaches the end portion 260 of the tulmlar member 210. In this 
30 manner, the sudden release of pnasuw cause* by the «n^^ 

tubular n«ra^ 210 off of the expendable r^ Ina 
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preferred embodiment, the operating pressure is reduced in m substantially linear 
fashion froin 100% to about 10% d^ 

when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alterrmtivery, or in combination 

member 250 in order to absorb tte shock caused by the sodden 
Tne shock absorber may comprise, for example, any conventional commercially 
available shock abeorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Ones the extrusion process is completed, the expandable mandrel 206 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the ftuidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the Ouidic eeal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then anyuncured portion ofthe material 305 withm the expanded tubular member 

20 210 is then removed ma conventional 

unenxed material out of the mtermr of the expanded tubuto The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 2 10. The material 305 within 

25 the «Tmnl«r region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any iwm ining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed fay drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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Ia a preferred embodiment, as illustrated in Kg. 6, the upper portion 260 
of the tabular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the crgeriappmg joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tabular 
6 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaoe8ofthetiibularmonber210iaeojianred 

In a preferred wnhodimept , the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred »-i»«»nit, the sealing 
10 meinbere 605 are ooiidedcffinolded onto the 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
boles reduce the operating pressures required to expand the upper portion 260 of 
the tubular member 210. This reduction in required operating pressure in tarn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in valnritv in trrm ^fr,^;^ mr^hmical chock tu thi 



Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a weUbore preferably includes an 
20 expandable mandrel cr pig 705, an expandable mandrel or pig container 710, a 
tabular member 715,afka* slm^ 
afbjid passage 735,afWdi>asBage7iO,aaunp^ 

750, an overshot connection 765, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member745 The expandable mandrel 7(» is further <xr^ 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controDabfy expand in a radial direction. The expandable mandrel 705 may 
comprise any number of comrotionalcomm^^ 

30 mooifiedtoae«ndancewiththe In a preferred 

einbodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 
substantially aa disclosed in U A Pat. No. 6^48,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the fc**f4™ng» of the 
present dis clos ure 

Hie expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such aa, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tabular member 716 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness thnn the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weHbore. 
In a preferred embodiment! once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is fnrpsnded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section* In a particularly preferred embodiment, the tubular 
member 715 has a substantially *far»l*r annular crose* section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defhied by 

of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The mtermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginumgintte vicinity of ^ lop of the mandrel 
container 710 and ending with the region m the viemHy nf th» mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
be ginnin g in the vicinity of the mandrel 706 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, the wafl thickness the upper section 805 of 
the tubular member 715 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 816 of the tubular member 715 in order to optimally 
fadHate the initiate 
10 700 to be positkmedm locations m 

The outer diameter and wall tbiiiiw of the upper eectioo 806 of the 
tubular member 7 15 may range, for example* from about 1.06 to 48 inches and 1/8 
to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the upper section 805 ofthe tubular meniber 715 
15 to 16 inches and 3/8 to L5 inches, respectively. 

Hie outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2& to 50 inches and 1/16 
to Lfi inches, respective^. In a preferred embodiment, the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inches and 1/8 to L25 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for exanqj^ from about 2^ to 6X) Inches and 1A6 
to 1.25 inches, respectively. In a preferred embodiment, the "VW «K«»m» tf r end 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/B to 1.25 inches, respectively. In a particularly 
preferred embodiment, thewaJlthfckneaaofthstoww 

member 715 ia farther increased to increase the strength of the shoe 720 when 
drillable materials such as, for example, aluminum are used. 

The tubular member 715 prefer In 
SO a preferred embodiment, the end TX)rtjon820t^thefait^iW TTi^^ 7Tf; ^ff^^ 
perforated, or otherwise modified 

completes the extrusion of tubular mamber 716. In a preferred embodiment, the 
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length of the tubular member 7 15 is limited to minii^ 

For typical tubular member 715 materials, the length of the tubular member 715 

is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 ia coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further fadud^ an inlet passage 830 t and one or more 
jet ports 835. In a particularly y ie fcr red embodiment, the cross-eectional »hape 
of the inkt passage 880 is adapted to receive a latch-down dart, or other similar 
dement s, for blocking the inlet passage 830. The interior of the shoe 720 

10 prafgrahfr include* a body of «nlid miteri*! fun fhr jnr^^g f V rtnmgth of the 
shoe 720. In a particul arly prefer re d embodiment tbebody of eolidmatmal 640 
comprises alu minum . 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 m 

tubular member 716 and an enstingwellbore casing, and tooptimalfefadliatethc 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expendable mandrel 706. The lower 
cup seal 725 may comprise any number of conventional conmierqally available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teaching* of the present disclosure. In a preferred 
embodiment, the lower cup seal 726 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, IX in order to optimally provide a debris 
barrier and hold a body of lubricant 



-20- 



The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevente foreign mat^^ 
region of the tubular member 715. He upper cup seal 730 may comprise any 
number of conventional commeraalh/ available cup Kals each as, for example, TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachingsrfthe present dSacIoeure. Inapreferredembodiiijent,tb* upper 
730 comprises a SIP cup avafiable from Ha 

in order to optimally provide a debris barrier and contain a body of lubricant 
The fluid passage 735 permits fhiidic materiali to be transported to and 
10 from the interior region of the tabular member 7IK hrirer th» ^rW.Mo m^n-l 
706. Tbefhrfd passage 735 is fbaidicb/coD^ Tnefluid 
passage 735 is preferably coupled to and positioned vriihm the support nieml^ 
760, the support member 746, the mandrel container 710, and the expandable 
immdrel705. The fluid passage 735 preferable 
15 to the surface tothebcttemi of the WTrtm^dnh^ The fluid passage 735 

is preferably positioned akmg a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cemant, drilling mud or 
epoxies at flow rates and pressures ranging £rom about 40 to 3,000 gauonsyminute 
and 500 to 9,000 ptriin order to provide sufficient operating pressures to extrude 
20 the tubular member 715 cfTof the expandable mandrel 705. 

Ab described shore with reference to Pigs. 1-6, during placement of the 
apparatns 700 within a new section rf* wrilhnw. fl»«,v iffr ^ the 
fluid passage 735 can be released into the weflbore above the tobuhu- member 716. 
In a preferred embodiment, the apparatus 700 forthermdudes a pressure release 
26 paasage that is coupled to and positioned within the support member 260. The 
pressure release passage is further ^ 
pressure release passage preferably includes a control valve for eontrollably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated mordOT The 
50 pressure relesae passage Ui«fiB^ 

centerline of the apparatus 700. The pressure release passage is preferabby 
selected to convey materials such as eetnMBt,aTmm gT i Wt i OT eiw>peflittflowTOto 
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and pressures Tanging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minimize surge pressures cn the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned withm the shoe 7 
with the mterior region of toe tubular mem 

705. The fluid passage 740 preferably has a crosa-aecti anal shape that permits a 
ping, or other similar device, to be placed m the mleto^ of the fhu^ passage 740 

10 to thereby block further passage of fluidic materials. In this manner, the mterior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidicfy isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gauons/minute and 0 to 9,000 psi in order 
to optimally All an annular region between the tabular member 715 and a new 

20 section of a wellbore with fluidic materials. In a preferred r m bnd fmmit, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart an d/ or a bull sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 further mchirias one or more 

seate 945 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the t eachings of the 
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present disclosure. In a pref erred embodiment, the seals 845 comprise s od s 
molded from Str ata L ock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping; joint between the tubular member 715 and an 
6 existing casing with optnn^ 
715. 

In a preferred embodiment, the seals 845 are selected to pro vito^ 
fractional force to support the expanded tubular member 715 from the existing 
casing. In a preferred embodiment, the frictional force provided by the eeais 845 
10 ranges from about 1,000 to 1,000,000 M in order to optimally support the 
expended tubular member 715. 

The smxwt member 745 hi tgefcxahfr coupled tn th* expandable mandrel 
705 and the overshot connection 765. Tb* support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 
15 700mtoariewsectkmofawel^^ 

irambar of conventional commercially available support members such as, for 
example, steel drill pqpe, coiled tubing or other high strengto 
accordance with the toartmigft of the present disclosure. In a preferred 
embodiment, tiiemipport member 745 comprises 
20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tiibular member 715. fa thiB maimer, theext^ 

off of the expandable mandrel 705 is facilitated. The hihrkant 705 may comprise 
25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil based lubricants, or Climax 
1500 Antdsiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antuaere (8100) available from Halhlmrton Energy Services in 
Houston, TX in order to optimaliy provide Inbrkation to faciliate the extrusion 
30 process. 

Tte overshot connection 7 
support member760. llw overshot omiiectfam 



member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter ox EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprise* a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support Btructure (not illustrated). The support member 760 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a newsection of a weBbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example steel dr^ 

modified m accordance vhthtte Ins preferred 

15 embodiment, the support member 760 comprisesaconventkinaldrmpipe available 

from steel nulla in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 

stabilizer 765 also preferably stabilizes the components of the apparatus 700 

within the tubular member 715. The stabilizer 765 preferably comprises a 
20 spherical member having an outside diameter that is about 80 to 99* of the 

interior diameter of the tubular member 715 in order to optimally minimize 

buckling of the tulralar member 715. The stabilizer 765 may comprise anymimber 

of conventional commercially available stabilizers such as, for example, EZ Drill 

Star Guides, packer shoes or dragbloc^ 
25 ofthe present disclosure. In a preferred embodiment, to 

a sealing adapter upper guide available from Halliburton Energy Services in 

Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions ofthe apparatus 
30 700. In this maimer, the introc^ 

is minimized This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a weDbore, a couple of weUbore volumes are circulated 
through the various flow passages of tteapparatw 700 in onier to ensure that no 
foreign materials are located within the wellbore tludim^ dog ^ the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material iriterferea with the expansion 

In a preferred embodiment, the apparatns 700 is operated substantially as 
described above with reference to Kgs. 1-7 to form a new section of casmg within 
a weUbore, 

10 As iIlustrstedmKg8>im alternate 

and apparatus described herein Is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore wuring 805. In a 
preferred e mbodiment, an outer annular lining of cement is not provided in the 
repaired section. In the siternatiim umferrnd enibodiment, any number of fluidk 
16 materials can be used to expend the tubular liner 810 into intimate contact with 
the damaged section of the weUbore easing such as, for example* cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are prefferabfr provm^ 
to optimally provide a Quidic seel In an alternative preferred 
20 tubular liner 810isfbTmedwitbinahori 

as those used to transport hydro c ar bonsor water, with the tubular hng 810 placed 
in an orotepping relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired without furring to dig 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described herein is used to directions a weUbore with a tubular hner 810. In a 
preferred embodiment, an outw aimnlar Ibringof cement is not p 
the tubuiarh^ 810 and the wellbore. lathe alternative preferred embodiment, 
any number of fluidic materials can b^ 

30 mthnate contact with the wem»re such ss, fore 
or drilling mud. 
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Beferring now to Figs. 9, 9a, 9b and 9c, a preferred emb o diment of an 
apparatus 900 for forming a weUbore casing includes an expendible tubular 
mexnrjer902,arapporti^ 

908. In a preferred embodiment, the design and construction of the mandrel 906 
5 and shoe 908 permits easy reiiwval of those elen^ 
manner, the assembly 900 can be eamly removed from a weUbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 
910, an mtermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
906 by pressurising an interior region 966 of the tubular mrnnbrr 902. The 
tubular member 902 preferably has a substantially annular croas-aectian. 

In a partic ular ly preferred embodiment, an ffTr«TidflhletiAularniember915 
is coupled to the upper portion 910 of the exparidabk tubular member 902. During 
15 operation of the apparatus 900, the tiibular member 915 a 
of the mandrel 906 by prea^uris^ 
902. Tte tubular member 915 prefer 

In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902, 

20 The tubular member 915 may be fabricated from any iiumber of 
conventional commercially available materials such as, for example, oilfield 
tabular*, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 91 6 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical properties as 902. 

25 In a particularly p r eferr e d embodiment, the tubular member91S has aplastic yield 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties m the tubu The tubular 

member 915 may comprise a plurality of tubular membera coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 

30 915 m(±xdes one or more sealing member 
gaseons seal with an existing section 
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In a preferred embodiment, the combined length of the tabular members 
902 and 9 15 are limited to minimize the possibility ofbuckhng. For typical tubular 
member material*, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tabular member 902 is p^ 
the shoe 908 by a threaded amnection 968. The mlennediato portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials audi em, for example, oilfield 
tubular* km alloy itee^ In a preferred enibodhii^ 

the tubular member 9(Mig 

provide approximately the same mechankal properties as the tub^ 

In a partioilarly preferred embodiment, the tubular member 902 baa aplasticyield 

15 point ranging from about 40,000 to 135,000 pai in order to optimally provide 
approximately the aame yield properties as the tubular member 915. 

Tbs wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 niayrange r for example, from about 1A6 to 1.6 
inches. In a preferred einbodiriient. the wall thirkrwra of the upper, inte nnediate, 

20 and lower portkma,910, 912 and 914oftto 
lyBtol^mordertooptmiallyprov^ 

the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 ofthe tubular member 9^ 
inches. In a preferred enibod 

and lower portions, 910, 912 end 914 of the tubular member 902 range from about 
30 3 to 19 inches in order to optimally provide the ability to expand the most 
commonly used oflfietd tubular*. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 cpinmetdaDyavaflaM 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various US. steel mills 
The tubular member 9 15 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 present disclosure. In a prefau ed embodiment, the tubular m mlw 915 comprises 
Oilfield Country Tubular Goods available from various UiL steel mills. 

The various elements of the tubular meinher 902 inay be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodi ment , the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may cxmmrise a plurality erf tubular elements that are coupled en^ 
end. The various elements of the tubular member 9 16 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or inachined from one piece* In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise apiun^ 

end The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
26 The support member 904 preferably includes an innerstring adapter 916, 
a Quid passage 918, an tipper guide 920, and a coupling 922. During operation of 
the apparatus 900,the support menmer 904 preferably « 

during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercial^ available materials such as, for esnmpte, oilfiald 
tubulara, tow alloy steel, coiled tubing or stainless steel In a preferred 
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rmhorirmmf, the support member 904 is fabricated from low alloy steel in order 
tooptimal^imTTidem^yi^Etxength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drffl string sin^ The innerstring adaptor 

6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

Tba fluid passage 918 ispreferabfr used to amveyflmVia and other materials 
to and from the apparatus 900. In a preferred einbodiment, the fluid pessage 918 
is fluidicfr coupled to the fluid passage 852. In a preferred einb<>diment, the fluid 
10 passage 918 is need to convey hardens*^ 

apparatus900. In aperticnlarfr preferred imibodhnmit^ftn^paaaage918iMy 
include one or more pressure relief passages (not illustrated) to release fluid 
pleasure during poaftfani^ In a preferred 

enibodiment, the fluid passage 918 is positioned alonga kmgitudinal centeriine of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenabk flukKc inaierials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support inember 
904. The upper guide 920 prefi^fy^ 
20 withintfcetubularm 

of conventional guide members modified in accordance with th* teachings ftf the 
present disclosure. In a preferred wuhndimpnt, the upper guide 920 comprises an 
innerstringad^er available ^m 

to optimally guide the apparatus 900 within the tubular member 915. 
25 Thearapling922<^h*t^ The 
couplmg922prefeiab^com 

Tba wio™ elements of the support 
number of coirwntional processes such as, for example, welding, threaded 
c onnections or machined from one piece. In a preferred embodiment, the various 
80 etanentsofthe support me 

The mandrel 906 preferably lactate a xetain» 
cxp&iurioncone^ 928* a lower cone rct 932, a lower guide 
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934, an extenfrion sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, en 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, fabricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
fabricator sleeve 948. The retainer 924 preferably has a substantially annular 
croas-sectioxL The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the fabricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 cfthe tubular ineim^ 902 below ^ 
rubber cup 926. ThB robber cup 926 may comprise any number of conventional 
comnierriaiJy available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SEP) cup. In a pr e fe rred embodiment, the rubber cup 926 
annprises a SIP cup available from Halliburton Energy Services in Dattas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chiorine based lubricants, oil baaed lubricants or Climax 1600 Antiaeize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fadliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extenskm sleeve 936, the bo^ 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, aadal movement 
of the expariaon cone 928 is prevented by th^ 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement932, the housing 940, and the ur^ 
retainer 944. 

Theerpansian cone 928 preferably bee aeuhstastia]^aiiaa]ara««8eet^ 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches Is a preferred embodiment, the wall 
thickness of the expansion cone 928 raageafiromabo^O^ to 0.76 iiudiea in order 
to optimally provide adequate compressive strength with minimal ™*+*rial ^ e 
10 maxinngn and minimum outside diame t e rs of the expansion cone 928 may range, 
far example, firam about 1 to 47 inches. In a preferred embodiment, the maximum 
and Tnmnmim outside diameters of the expansion cone 928 range from about 3.5 
to 19 inorder to optimal^provide expflmnro 

The expansion cone 928 may be fabricated from any number of conventi onal 
15 commercially available materials such as, for example, ceramic tool steel, titanium 
or low alloy steel In a preferred embodiment «>» ^p"«^» p28 is fabricated 
from tool steel in order to optimally provide high strength and abraakm resistance. 
The surface hardness of theouter surface ofthe expansion cone 928 may range, for 
example, from about 50 Rockwell C to 70 Rockwell C. In a preferred rrnhmUmr** 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred emhndm»»nt the »»p' m "'™ i*n? 9?8 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 9S0 is coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, aadal movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially rrotn section. 

The lower cone retainer 930 may be fabricated from airy number of 
30 conventional commercially available materials such as. for example, e* r»™ ^ 
steel, titanium or low allqy steel In a preferred embodiment* the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. Thesurface hardness oftfae outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment,^ 

of the lower cone retainer 930 ranges from about 68 Rockwell C to 62 Rockwell C 

5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 in heat treated to optimally provide a hard outer surface 
and a rwdlient interior body in order to optimally provide abrasion resistance and 
fracture toughness- 

In a preferred embodiment^ the krwer cone retainer 930 arid the ezpan si rm 

10 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall stxtmgth of the apparatus. Tha outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the ftifrfli** members 902 and 915. 

The body of cement 932 is positioned withm the interior of the 

15 The bo4y of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 rosy he easily removed using a 
conventional drilling device. 

Hie body of cement 932 may comprise any number of conv ention al 

20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
some other d^illable metallic, composite, or aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially unmilar cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 Durirjg operation of the armeratua 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably haa a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commendalry available materials such as, for example, oilfield tabular*, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from tow alloy »ted m order to optimal^ 



The outer surface of the lower guide 934 preferably motes with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lower gufe 
940. During operation of t^ 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably him n sabetantiauy annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubular*, low alloy steel or stainless steel In a preferred embodiment, the 
10 extension sleeve 936 is fabricated 

highyieM strength. The ectersurfaceof the extension sleeve 936 preferably mates 
with the inner surface of the tabular member 902 to provide a •H^rr.g fit, in a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the n umb er of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be com 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular croeMection. 

Tbe spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum ox cast 
iron. In a preferred embodiment, the spacer 938 is mbricated from aluminum in 
order to optimally provide drillability. The end ofthe spacer 938 preferably mates 
25 with the end ofthe extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 are fom 
to reduce the number of components ending 

The housing 940 is coupled to the lower guide 93*. extension sleo^ 
expansion cone 928, body of cement 932, and lower cone retainer 930. Daring 
30 operation ofthe apparatus 900, the housing 940 preferabry prevents mngr radial 
motion ofthe expansion cone 928. Preferably, the houamg 940 has a substantially 
annular cross-section. 
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The housing 940 may he fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tabular*, low alloy 
steel or stainless ateeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are formed aa an integral one-piece element in order to mirtrmiiy the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 ft^ta ^** one or more protrusions to fadKate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apperatflJ^ the sealing *k*»p» preferably provides support for the mandrel 
906. The sealing aleeve 942 is preferably ompWtothem^rtinetnber904uaing 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
er oBB*soction« 

The sealing sleeve 942 may he fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing aleeve 942 is fabricated from 
20 aluminum in order to optimally provide driflsbflity of the sealing sleeve 942 . 

In a particularly pre fe rred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to facniat e the co n n p rtt nn between the 
sealing aleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece dement in order to minimise the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cane retamer 944 p 
30 cone 928. Preferably, the upper cone retainer 944 has a s u b st a nt ial ly annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast inm. In a preferred embodiment, tbe upper cone retainer 944 
is fabricated from ahxminum in order to optimally provide drillability of the upper 
5 cone retainer 944. 

b a particular^ prefer 
croas-eectumal shape designed to provide moreaaed rigidity. In a particularly 
preferred embodiment, tbe upper cone retainer 944 has a cross-sectional shape 
that is substantially I-thaped to provide increased rigidity and minimise the 
10 amount of material thai would have to be drilkdouL 

The lubricator mandrel 946 is coapfed to the retainer 924, the nm 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between tbe mandrel 906 and the tubular member 902* Preferably, the 
lubricator mandrel 946 has a substantially *™nrrl«r cross^section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast inm. In a preferred embodmient, the lubricator mandrel 946 is 
20 fabricated from aluminum in order to optimally provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubbered 

948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably aupporta the rubber cup 926. Preferably, the lubricator 

eleeve 948 has a substantially annular crosMectian. 

The lubricator sleeve 948 may be fabricated hum any number of 

conventional ammerciafly available materials such as, for example, steel, 

ahaninum or cast iron. In a preferred embodiment, tbe lubricator sleeve 948 is 
30 fabri c ated from aluminum in order to optimally provide drillability of the 

lubricator sleeve 948. 



As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
Lubricator mandrel 946. Thehmricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902 . 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and thehibricatcr sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the Preferably, the 

10 guide 950 has a substantially emnular cross-section. 

The guide 960 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rsierangingfrom about 0 to 
to optimally providepress^ 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coup 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 856, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 ie coupled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular rnember 902 to the 
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•hoe 908 to facilitate the extrusion and positioning of the tubular member 902. 
Preferably, the homing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventi onal 
commercially available materials such as, for PTftmple, steel or aluminum. In a 
5 preferred emb o di ment , the housing 954 is f a bri ca t ed from aluminum in order to 
optimally provide driBahOflj ^f the bo osing 954 

In a particularly prefer^ 
954 includes one or mora protrusions facfliate *b» connection between the body 
of cement 966 and the housing 954. 
10 Thebody of earned 956 ieconpledtofl» 

958. In a preferred -embodiment, the cmnpoaxtioo of the body of cement 956 is 
selected to permit the bod> of cem^ 

drilling TnarhfruMi yn/j prfyyflppfl 

The composition of the body of cement 956 may include any number of 
15 con ve n tion al cement compositions. In an alternative embodiment^ a drfllable 
material such as, for example, alummum or iron may be substitnted for the body 
of cement 956. 

The seeling sleeve 958 is coupled to tte body ofcement 95^, the extension 
tube 960, the fluid passage 96^ arid orie or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fmid passage 962 into the fluid passage 962 
and then into the outlet jets 964 morte Quidic material 

into an annular region external to the tubular member 902. In a preferred 
embodiment^ diiringoperation of the a ppar a t u s 900, the sealing sleeve 958 further 

25 indudes an mlet geometry th^ 

lodged in the inlet of the aeaHng sleeve 958. In this manner, the ftaid passage 962 
may be blocxwl thereby fh^ tubular 
member 902, 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 anrmlarcixws.aection.Tte 

of conventional commercially available materials such as, for example, steel, 
ahminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide driHabihty of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a bardenabie fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hard enable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the appar atu s 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the seahng sleeve 958. In this manner, the fluid passage 962 is blocked 
thmfcy fh^rfr i«^i«»frig»H« interior *»gfrm Qflfl of the tubular member 902. In 
a p i ef erred embodiment, one end of the exten si on tube 960 mates with one end of 
the spacer 938 in order to optimally faciiiate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fabricated from any nuniber 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a prefe rred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide driDability of the 
pTtenmon tube 960* 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jeta 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys bardenabie fluidic materials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centerline of 
the apparatus 900. In a particularly preferred embodiment, the fhiid passage 962 
is adapted to convey hardenahle fluidic materials at pressures and flow rate 
ranging from about 0to9,000psiand0to3 ,000 gaUoria/min in order to optimally 
provide fluids at operationally efficient rates. 

30 The ontletjets 964 are coupled to the sealing sleeve 96« t the extension 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferabfy convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908mclndesaphirHl^ 

In a preferred anbcKn^ 
the housing 954 and the body of cement 966 moxdo to rfn^ 
5 of the apparatus 900. 

The various elements erf the shoe 9^ 
conventional process such as, for example, threaded connections, cement or 
msrhmpd from one piece of material In a preferred embodiizient, the various 
elements of the shoe 908 are coupled using cement 
10 la a preferred wmhodhriffnt. the assemhhr 900 ia operated substantially as 
desexfi^ above with ref^ 
wellbore or to repair a wellbore casing or pipeline. 
In particular, in orn^ to extend a wellbo^ 
a drill string is used in a well known manner to drill out material from the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positkmed in the n^ In a particular^ 

preferred entoodin^ Inft 
preferred embodiment, a harq>nable fhiidic sealing hardenable fluidic sealing 
20 material is then inmiped from The 
hardenable fhiidic seating material thm pe*»w from the fluid passage 918 into the 
interior regkm 966 of the tubular member 902 below the mandrel 906. The 
liaidenable fluidic aealm* material tbimpaa 

the fluid passage 962. The hardenable fhiidic sealing material than exits the 
25 apparatus 900 via the outlet jeta 964 an^ 
exterior of the tubular mexnber9ra 

weDborB. Conthmed pompingnf th a hjnAm«M f fl^ir rmnlmgm rrtcrinl emiocg the 
material to flU up at least a po*tw^ 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at Pressures ami flow rates ram 

5,M0psiand0tol^gallons^ Inapiefened embodiment, the 

hardenable fhiidic seahngma^ 



and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough drculathig pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical m et hods. 

The hardenable flu id ic Bealing material may c omp rise any number of 
conventional co m m ercially av ailable hardenable fluidic sealing materia ig such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing f^^ter f* ! comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also -nrmmtamfng optimal flow characteristics bo as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore wiU be 
filled with hardenable material. 

20 Once the «nTml*T region has been adequately filled with hardenable ftuidk 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidic^y isolating the i^ 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

26 region 966 causing the interior region 966 to pressurise. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by mtrodudng the plug or dart 974, or other 
similar device into the non hardenab le fhndic material In this manner, the 
amount of cored material within the interior of the tubular members 902 and 915 

30 is minimised. 

Once the interior region 966 becomes sufficiently pres su rised, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 



-40- 



be fixed or it may be expandible. Dazing the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tabular members 902 and 915 using 
the support meinber 904. During this extruskmproc^ 
substantially stationary 
6 The plug or dart 974 ia preferably placed into the fluid passage 962 by 

introducing the plug or dart 9 74 into the fluH passage 918 at a sur^ location in 
a conventional manner. The plug or dart 974 may c^prim* any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. IneiareferredfflnhodTffl^ 

a MSC latch-down plug available from Halliburton Energy Service in n*1l«,« TTr 
After placement of the plug or dart 974 in die fluid passage 962, the non 
bardenable fluidic material is preferably pumped into the interior region 966 at 

15 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel wffl begin when the pressure 

20 of the interior region 966 reaches approximately 500 to 9,000 pal In a preferred 
embodiment, the extrusion of the tabular members 902 and 9 15 c^of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallcn^minute. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 e xp an d ed portions of the tubular members 902 and 915 at rates ranging; for 
example, from about 0 to 5 ft/sec. In a piefaiied embodiment, during the extrusion 
process, the mandrel 906 ia raised out of the expended portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

SO permit full expansion of the tubular members 902 and 915 prior to curing of the 
h a r denable fluidic sealing material; but not so fast that thnefr adjustment of 
operating parameters during operation ia p reve nte d. 
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When the upper end portion of the faimilar member 915 is extruded off of 
the mandrel 906, the cater surface of the tipper end p 

915 will preferably contact the interior surface of the lower end portion of the 
THfrtfng raj trng to form an fluid tight overlapping Joint. The contact pressure of the 
5 OYCTlappnigjftint rrmy range, for example, ft**™ approximately 60 to 20,000 r«i Tn 
a pre fer r ed embodiments th g contact pressure of the overlappingjoint between the 
upper end of the tabular member 915 and the printing section of wellbore casing 
ranges from approximately 400 to 10 ,000 psim order to optma^pro^e contact 
preamire to activate the sealing members 

10 the tubnlarmeinber 916 and existing 
compressive loads* 

In a preferred embodiment, the operating pressuM and flow xa*a of the non 
hflrdenable fluidic material will be controUably ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner,^ 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion proc^ beginning when 
the mflndrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternate preferred embodiment, the operating pressure and/or flow 
rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise shock. 

25 Ahernatrve^OTmcombm 

member 904 in order to absorb the shock cswsed by the sudden release rf 

Alternatively, or in combination, ■ mandrel Pitching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion p roc ess is completed, the mandrel 906 is removed from 

the wellborn In a prefer r e d embodiment, either r^efbre or after the removal of the 
mandrel 906, the integrity of the fluidic seal of the overlappingjoint between the 



upper portion of the tubular member 915 and the lower portion of the easting 
casing is tested using conventional method* If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the 
of the existing casing is satisfeetory, then the uttcored portion of any of the 
5 hardenable flnidic aeaBng material the expanded tubular member 915 is 

then removed in a conventional manner. The fluidic *™Kt* g ^ n ftrf t>) 

within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wallbore is then allowed to cure. 

Preferably any remaining cured hnrHrnable fluidic sealing material within 
10 the interior of the expanded 

conventional manner usmga conventional drill string. The resulting new section 
of casing preferably includes the expanded tabular members 902 and 915 and an 
outer annular layer of cored hardenable flnidic sealing material The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods 

In an alternative embodiment* during the extrusion process, it may be 
necessary to remove the entire 

to a malfunction. In this circumstance, a conventional string is used to drill 

out the interior se<±iims of the apparatus 
20 the remaining sections. In a preferred embodiment, the interior elements of the 

apparatus 900 are fabricated from materials each as, for example, cement and 

aluminum, that permit a conventional drill string to be employed to drill out the 

interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections oftfae mandrel 906 and shoe 908, including one or more of the bo^tf 

cement 932, the spacer 938, the sealing skew 942, the upper cone retains 94^ 

U» lubricator mandrel 946, tta 

954, the bo4jr of cement 956, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at least some of then components to be drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easfly removed from the 
wellbore. 



Referring now to Figs. 10a, 10b t 10c, 10d, 10e, lOf; and lOg a method and 
apparatus for creating a tie-back liner in a weUbore win now be described. As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a aecond casing 1006. 
5 The first casing 1004 preferably includes a ta^ 

annuhislOlO. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annulus 1014. In a preferred embodiment, the second casing 1006 
is formed by g»p<mri™ff a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs, lla-1 11 
10 In a particularly preferr e d em bodiment , an upper portion of the tubular 
liner 1012 overlaps with a bro portion of the tabular Kner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fhiidic seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig. 10b, in order to create a tie4>ack liner tlmt extends frtun 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1116, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 
20 support member 1160. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 
25 modified in accordance with the teachings of tl» present disclosure. In a preferred 
emb o diment, the expandab le mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No, 5,348,095, the disclosure of winch is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 

mandrel 1105 The tubular member 1105 is expanded in the radial chrecticn and 
extruded off of the expandable mandrel 1105- The tubular member 1110 may be 
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fabricated from any number of material* «uch as. for example, Oilfield Country 
Tubular Goods, IS chromimnta^ 
thatulralar member H 

The inner and outer diameters of the tubular xnember 1110 may raoge v for 
5 example, frtra approximate^ 
In a preferred embodiment, the inner and outer diameter* of the tubular member 
1110 range from about 8 to 15 J5 inches end 3^ to 16 inches, respectively mo 
to optimaUyprovide coverage for typical oiffieldcasuigaisea. The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, the up^ 

U10 is slotted; perforated; or otherwise modified to catch or slow down the 
mandrel 1105 whan it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
minimise the pcttsftuity of buckling. For typical tubnto 
15 the kngth of the tabular member 1^ 
to 20,000 feet in length. 

Tbe shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The ahoe 1116includes the fluid psasage 1135. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super Scain float shoe, S 

with a sealing sleeve for a latch down phxg modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an alummaim down-jet gui^ 

plug with side ports radiating oflf of the exit flow port available from Halliburton 
25 Energy Services in Delias, TX, modified in 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubti^ 

isolate the iiiterior of the tubular m ember 1100 after the latch dewn plug has 
seated, and optmialtyperina 
30 expansion and cementing operations. 

In a preferred embocfiment, the shoe 1116 inchides one or more side ou^ 
ports 1140 in fluid* common^ In this manner, 
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the shoe 1115 injects hardensble fluidic scalingmaterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed ofTby introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup B«alll20 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from enterii^ the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup teal 

10 1120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cupe or Selective Injectk»nPi^erC3IP)cnpa modified in 
accordance with the teaching of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cu p, available from. Halliburton 
Energy Services in Dallas, TX in order to optimally provide a b arrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerime of the apparatus 1100, The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to3,000 galkms/minute and 0 to 9,000 psi In order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits fluidi 
passage 1130 to the interior of the tubular member 1 110 below the mandrel 1105. 
The fluid pasaagea 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tabular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other sumlar device, to be placed in the fluid 
passages 1140 to thereby block farther passage of flnidk ™"+T»ft1ff In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be ftuididy isolated from the region exterior to the tubular 
member 1105. This permits the interior regumafOifi tubular member 1110 below 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1 1 4Q are preferably pfltrtifmftd along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 sncb as cement, drilling 

about 0 to 3*000 galkmsAninute and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubular inemberUIO and the 
fliiidic materials. In a preferred embodiment, the fhnd passages 1140 incbide an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passage* 1 140 that is adapted to receive a plug, 
20 or other similar device, to permit tte 
to be fluidicfr isolated to 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 areftirther positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping jomt between 

end portion of the tubular member Uia to be flnifieV seeled. 

The seals 1145 may comprise any number of conventional commerc i all y 
available seals such as, for example, lead, rubber, Teflon or cpaxy seels modified 
in accordance with the teachings of the present disclosure. In a pre fe rred 
30 embodiment, the seals 1145 comnriBR wwlsmnlrifd from Start*)!** «mn n M» 
from Halliburton Energy Se^ B 
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igrdiaulk: seal m the ovcriafroingj^^ 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufficient fHctionalfora to support the expanded tulndarmember 1110 from the 
5 tubular liner 1008. Ina p c f e n e d embodiinent, to fricttonalfSoroe provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibf in tension and compression in 
order to optimally support the expanded tubular member 1110. 

Hie support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into "the wellborn 1000. In a preferred embodiment, the support 
member 1150 ftirther includes one or more conventional centralism (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise way number of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine based lubricants or Climax 1500 AntiseiseQlOO). 

20 In a preferred embodiment, to 

(3100) available from QtmiT Lubricants and Equipment Co. in Houston, TXin 
order to optimally provide lubrication for the extrusion proces s . 

In a preferred embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 maimer, the introduction 

This iwSntmiMHt the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel HQS during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 

80 packer 1155 coupled to the bottom section of the shoe 1115 for fhiidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fhndk 
materials are prevented from entering the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, TX In an alternative embodiment, a high gel strength pill may be set 
below the tic-back inplace of the pfl r.frpr 1 155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a pref er t e d embodiment, before or after positioning the apparatus 1 100 
within the weflbore 1100, a couple of weHbore volumes are circulated in order to 
10 ensure that no foreign materia 

dog up the various flow passages and varvea of the apparataa 1100 aiid to ensure 
that no foreign material interferea with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hmrtftnable fluidic sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 canaea the material 
1160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 raltonstoin. l e sp e div efr. Inapr^annofl omhftdmim^ thm ™«f-^«i n ie pumped 
into the annular region at pressures and flow rates apecificaljy designed for the 
casing sizes being run, the annular spaces being ffti*^ the ptunping equipment 
available, and the i^opeiiiea of the fhn4 being |mnip^ The optimum flow rates 
and pressures *™ pmfawtMy calculated «*"*g «myjmfrmfj ^pineal methods. 

30 Ttohardenable fluidic seaimg material U60 ma^ 

conventional connnertaal^ayidlable h^^fru flnMi^ ~-Kr» g Trryfirrialff mv h an, 
for example, slag mix. cement or epaxy. In a preferred embodiment, the 



hardmable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics ao as to mirttmiTJ* 
5 operational difficulties during the displacement of cement in the nnnnlnr region. 
The optimum blend of the blended cements are preferably determined using 
convent ional cttpp^c^^ m pthf^ ft 

Hie p™ 11 *** region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 

10 annular region will be filled with material 1160. 

Aa illustrated in Fig. lOd, once the aimnlar region has been adequately filled 
with material 1160, one or more phiga 1165, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby fluididy isolating 
region of the tubular member 1110 from the annular region external to the tubular 

15 member 1110. fa apitfeired embodiment 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurire. In a particularly preferred 
embodiment, the one or more plugs 1 165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan har d en able fluidic 

20 mater ial In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurised, the tabular member 11 10 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
convention al manner . The progs 1165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 

30 brass balls, plugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment* the plugs 1165 comprise law density rubber 
balls. In an alternative embodiment, for a shoe 1106 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
6 hardenahle ftuidlc material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 600 to 9,000 psi and 40 to 3,000 gallona/min. 
In a preferred ffmb nd immt , after placement of the plugs 1165 in the fluid passages 
1140, the non hardenahb fluidic material 1161 is preferably pumped into the 
10 interior region of the tabular member 1U0 below the mandrel 1105 at prewires 
and flow rates ranging from approximated 1200 to 8500 psi and 40 to 1250 
galkmatain in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the inters 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process, the expandabfemai^ 1105 ni^ be raised 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 rVsec L» preferred embodiment, during the extrusion 
process, the expandable mandrel 1106 is raised out of the expanded portion of the 
tubular member 1110 at ratea ranging from a 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed before the material 1160 cures. 

In a prfderred embodiment, atte^ajKx^ion 1180 of the tubular men^ 
1 110 has an internal diameter less than the outside diameter of the mandrel 1106. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the weDbore casing 1012. In a particu lar | * tto ivd embodiment, the seal 
is effected by ro mpr PHsiug the seals 1016 between the expanded section 1160 and 
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the weflborecasing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pd in order to optimally provide 
pressure to activate the ceiling member* 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1 1 10 has an inters 

diameter of the mandrel 1105. In this manner, extrusion of the tabular member 
10 1110 try the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casingB 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 
15 provide optimal resistance to ensure that the joint wDl withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
20 radden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expendable mandrel 1105 can be minlmixH In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 6 feet of the extrusion process. 

Alternatively, m m rtrniMnrt*™ , ■ «h«prb«r la provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

A lt ern ativ ely, or in combination, a mandrel catching structure is provided 
30 m the upper end portion of the tab^ 
decelerate the mandrel 1105. 



-52- 



Referring to Fig. lOf, once the extrusion process is rnmpi^*^ the 
expandable mandrel 1106 is removed from the wellbare 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fhiidic seal of the joint between the upper portion of the 
5 tubular member U10 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fhridic seal of the joint between the upper 
portion of the tabular member 1110 and the upper portion of the tubular liner 
1 008 is satisfactory, then the uncured portion of the material 1 160 w ithin the 
rrpanded tabular member lllOis then removed in a conventional manner. The 
10 material 1160 within the annularis 

the tubular liner 1008 is th en allowed to cure. 

As illustrated in Kg. !(£ prcferabty any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back liner 
15 ofcasmg 1170 includes the expand^ 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10& the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1166 uaing conventional drilling methods. 
20 In a particularly preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs, lle-llf; an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing weUbore casing will now be described 
As illustrated in Fig. 11a, a weUbote 1200 is positioned in a subterranean 
25 formation 1205. The weUbore 1200 inriratea m ^riiitiTig ^ pg^i on 1? 10 hflving 
a tubular casing 1215 and an nnrmW outer layer of cement 1220. 

In order to extend the weDbore 1200 into the eubteOTnean formation 1205, 
a drill string 1226 is used in a well known mmnrr to drill out material from the 
subterra ne an formation 1205 to form a new section 1230. 
30 As illustrated m Fig. lib, an app 

in a subterranean formation is then positioned in the new section 1230 of the 
weUborelOO. The apparatus 1300 preferably includes an expandable mandrel or 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 Is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllabry 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional ™y r>Tr r*' f ' ir ''*i*y available expandable mandrels modified to 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, *h» -ipwndAKle mandrel 13Q5 comprises a hydraulic ttrp*n*ifm tool 

10 substantially as disclosed in ILS. Fat No. 5,348,095, the disclosure of which is 
inc or p orat ed herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tabular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The miier and outer diameters of 

20 fTrpTTipK •ppre™ 1 **»iy A to 47 i™*** and l OS tn 4ft inches, iwyectivB^y- 
In a preferr ed embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to opthnalry provide minimal teleacopmgeffect in the most commnnly encountered 
wellbore sixes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 Mi inches and 3 to 
16 inches, respectively. In a preferred embodiment, the wall t hi rim erci and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.76 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range fitnn about 3/8 to U indies aiid 3^ to 16 inches, 
respectively. 

In a particularity preferred emhodhramt, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is leas than or equnl to the 
5 waH th ic kness of the upper and tower sections, 1355 and 13G5 t of the tubular 
member 1810 in outer to optimally fecfliate miHofryn thf rrtnunon proems 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion -1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tabular member 1310. In a preferred 
embodiment, the length of the tubular member 13 10 is limited to minimise the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1316 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified in accordance wi& the teachir^ 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
ahiminum down-jet guide shoe witha eealingdeeveferaJaU^owni^available 
from Halliburton Energy Service* in Dallas, TX, modified in accordance with the 

25 teachings of the present d iaclosure, in order to optimally guide the tubular member 
1310 into the weflbore 1200. optimally fhddfcfr isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1£1£ further includes one or more side 

30 outlet ports in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 181S preferably iqjects hard«mM^ft»MSi> -~i^ gT nstrrin1 into the region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 in^h^pff the fluid passage 1330 having an inlet geometry that can 
receive a floidic sealing member. In this manner, the Quid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fhiidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expendable mandrel 1305. The fluid passage 1320 is prefisrabty portioned along 
a centeriinc of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from aboutOto 3,000 gallonatau^te and 0 to 9,000 paim order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
commimkatkmwith 

20 the expandable mandrel 1305. The fluid passage 1330 preferebry has a cross, 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block farther passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidiciy isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the taibular member 1310 
below the expendable mandrel 1305 to be preasnriTeri The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pi cfesur es ranging from about 0 

30 to 3,000 galloria/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular niemb^ 

1200 with fluidic materials. In a preferred embodi ment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In t hw manne r, the fluid passage 1330 cm be tealad off lyiotroduringaph^g, dart 
and/or ball sealing elements into the flnid passage 1320. 

Tbe fluid passage 1335 permits flnidic materials to be transported to and 
5 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1336 is coupled to and positioned within the shoe 1316 in fluidic 
commu picatKm with the fluid passage 1330. The fluid passage 1336 is preferably 
positioned substantially along the centeriine of the apparatus 1300. The fluid 
passage 1385 ia preferably selected to convey material* such as cement, drilling 
10 mud or epoxide at flow rates and pieasmes ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 pel in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1280 of the weHbore 1200 
with fluidic materials 

The seals 1340 are eoupledtoand supported by the upper eiKi portion 1365 
15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the oroisppmgjoint between the lower end portion of the casing 1216 and 
the upper portion 1355 of the tubular member 1310 to be fluidicfy sealed. The 
seals 1 340 may comprise any number of conventional commercially available eeals 
20 such as, for example, lead, rubber, Tefkm, or epoxy seals modified in accordance 
with the teachings of the present disclosure, in a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, TXmor^ 
anriulus of the overlappmgjomt white 
26 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
a sufficient frictiona! force to mppnTt *h» ^rrp^^j tnbtthrr mpmbfrr 13 10 from the 
existing casing 1215. In a preferred einbodmie^ 

the seals 1340 ranges from about 1,000 to 1*000,000 Ibf in order to optimally 
30 support the e xp and e d tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferabfy comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the weDbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centraiizers (not illustrated) to help stabilize the tubular member 1310. 

5 a preferred ^mhnfHtiwnt, th» rapport member 1846 is thoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduce ISOOisminimizecL 
This m inimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the expaiiaion procesa. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tabular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passagB 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 ow^mp l^ Multiple Stage Cementer latdi-downtn^ Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a prefeired embodiment, the wipw 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, IX nidified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 

In a prrfa r fd fffl n VH 1 *™*"*, hrfhw* or after positioning the apparatus 1300 
within the new section 1280 of t^ 

circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Pig, lie, ahardenabte fluidic Bealmg material 1380 it then 
pumped from a surface locs^n into the fluid pasaa^ 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material ISOTtlim passe* nro the h^ 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1336 and fills the annular region 1390 between the exterior of the 
tubular member 1310 and the interior wall of the new section 1230 oftheweflbore 
1200. Contin u ed pumping of the material 1380 causes the material 1380 to fin op 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates raiigmg, for example, Eromabcrat 0 to 5 
1,500 gallons/mm, respective^. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 pai and 0 to 1,600 gallrma/mm, respectively, in order to optanalfr 

10 fffl the aimularreglra be tween and the new section 1230 

of the wellbare 1200 with the hardenable fluidic aeellng material 1380. 

The hazdenable flnidie sealing material U&t> may comprise any number of 
conventional cfirnmnreiAlly available hardenable fh»dic sealing mat***!*}* such 
for example, slag mix, cement or epoxy. In a pr e fer r e d embo dimen t, the 

15 hardenable fluidic seeling material 1380 comprises blended cements designed 
specifically for the wefl section 
Services in order to optmiaJly provide supp^ 

displacement of the material 1380 in the annular region 1390. The optimum blend 

of the cement is preferably determined using conventional empirical methods. 
20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure th**, npm t**k*\ ex pansion f*th e tnhwbi7» TniwnW 

1310, the annular region 1390 of the new section 1230 tf the weilb^ 

fflied with material 1380. 

As illustrated in Kg. lid, once the annular region 1390 has been adequately 
25 filled with material 1380, a wiper dart 1395, or other similar device, is introduced 

into the fluid passage 1320. Thewiperdartl395ispreferab^ 

fluid passage 1320 by a nonhardenabtefhiid^ material 1381. The wiper dart 1395 

then preferably engages the wiper plug I860. 

As illustrated in Fig. lie, in a preferred embcniiment, engagement of the 
30 wiper dart 1395 with the wiper phig 1350 causes^ w^ plug 1350 to deco^le 

from the mandrel 1305. The wiper dart 1395 and wiper phig 1350 then preferably 

wm lodge in the fhdd passage 1330, th^ 
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passage 1330, and floidkfr isolating the interior region 1370 of the tubular 
member 1310 from the J™"" 1 ** region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. Durmgtheextniai<>np 

1305 Is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially aralab le devicee from plugging a fluid passage such as, 
for example, Multiple Stage Cementer latch-down plug*, Omega latch-down plugs 
ot three wiper iatriwkmnp^ 
15 the present disclosure. In a preferred embodmient, 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down ping 1350. The three wiper latch-down plug is available 
fpnn H«11frm rtim Energy Services in Dallaa. IX 

After blocking the fluid passage 1330 using the wiper plug 1330 and wq>er 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, far example, from 
approximately 0 to 5000 pai and 0 to 1,500 galtons/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305, In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 1310 is minimised* 

Inarjreferredembodhnen^ 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging nwan5mnmnately6W to 9,000 psi sad 
40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 ""iTii*in the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psL In a 
preferred emb od iment , the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a ftmction of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of hihra^ 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. He optimum flow rate end operating pressures are preferabty 
determined using conventional em piri cal methods. 
10 During the extrusion pr o c wan , the expandable mandrel 1305 xomj be raised 

out of the expanded portion of the tubular member 1310 at rates ranging, for 
example, from about 0 to 5 ftyeea In a prefan e d embodiment, during the extr usion 
process, the expandable mandrel 1305 may be raised out ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion ofthe extrusion process 
before curing of the material 1380. 

Whan the upper end portion 1356 of the tubular member 1310 is extruded 
off of the expandable mandrel 1305, the outer surface ofthe upper end portion 
20 1355 of tie tubular member 1310w^ 

lower end portion ofthe casing 1215 to form an fhrid tight overlapping j^ Th* 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
ofthe overlapping joint rangea from approximately 400 to 10,000 psi in order to 
25 optimal provide contact pressure sufficient to enmre annular aealingand provide 
enough resistance to wi ths t and typical tensile and c o m pre ssiv e loads. In a 
particularly preferred emhodimrat, the sealing members 1340 will ensure an 
adequate fluidk and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rate of the n^m 
30 hantenahta fhif riicmaterial 1381 is cantrollsh^nnnped down wh<m th» m^n^m 
mandrel 1305 reaches the upper eirf 

In this m an n er, tho sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 off of the expand able mandrel 1305 can be minimi ged. 
In a preferred ^mhndwnpnt, the croerating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

AHfmatmriy, otft combination, » absorber i« provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alter nativ ely, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1355 of the tabular member 1310 m oru^ to catcb or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbore 1200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
15 owlappingjoint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1216 is tested using conventional m et hods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
number 1310 and the towCT 

uneuied portion of the material 1380 within the expanded tubular member 1310 
20 ii then mpmrd r» - ~*r™*<™** m»Tm«ir Th« material 1380 within t he annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315maythra 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 fonniitionhflflborn rimrribori that inrhtdftn instaJBinga tnhnW liner and a mandrel 
in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially frpaT"^ by extruding the liner off of the mandxeL 
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Tte injecting preferably includes injecting a hardenahle fluidic sealing material 
into an annnlar region located between the borehole and the exterior of the 
tubular liner, and a nan hardenahle flmdic material into an inters 
tubular liner below the mandreL The method preferably includes fluididy 
5 isolating the annular region from the interior region before injecting the second 
quantity of the nan harden a b l e sealing material into the interior region. The 
injecting the hardenahle fluidic sealing material is preferably provided at 
operating pressures and flow rates ranging from about 0 to 6000 pd and 0 to 1^00 
gaDonatoin. The injecting of the non hardeneble fluidic material is preferably 
10 provided at o peratrngpregsuraa and <kiw rates ranging ftom about 500 to 9000 psi 
and 40 to 3,000 galkmVmfn The injecting of die non hardenahle fluidic material 

is preferably provided at reduced opendingpreasares and flov rates during an^ 

portion of the extruding. The non hardenahle fluidic material is preferably 

injected below the mandreL The method prefteibfyi^^ 
16 ofthe tubular Hner below the mandreL The region of the tubular liner below the 

mandrel is preferably pressurized to pressures rangingfromabcrat 500 to 9,000 psi. 

The method preferably mrhirii* flnidicly isolating an interior region ofthe tubular 

liner from an exterior region of the tubular liner. The method farther preferably 

includes curing thB hardenahle sea 
20 of the cured ae alin g mat erial located within the tubular liner. The method further 

preferably includes overlapping the tubule 

The method further preferably indudee sealing the overlap t*twe» 

liner and the costing weUbcne casing; The method further preferably includes 

supporting the extruded tubular liner using the overlap with the existing wellbore 

25 casing. The method ftotherpreferabfy includes testis 

the overlap between the tubular liner and the existing wellbore casing. The 
method farther preferably includes remcndngatleastapartto ofthe hardenahle 
fhiidkaealingmaterial within The method ffarther 

preferably includes lnh ri r at mg the surface of the mandreL The method farther 

30 preferably includes absorbing shock. The method further preferabfy includes 
catching the mandrel noon the completion «f *h» ^mii^y 
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An apparatus for creating a casing ma borehole located in a subterranean 
formation has been described that includes a support memb er, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage, 
Tbe mandrel is coupled to the support member and includea a aecondfhnd passage. 

5 The tubular member Lb coupled to the mandreL The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably farther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support member preferably includes one or more sealing members 
adapted to prevent foreign material frcnn entering 

member, The mandrel is pre fe rably expandable. The tubular member is 
preferaMy fabricated n*om 

Country Tubular Goods, 13 chromium steel tubingfcasing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40.000 to 135.000 pal The tubular 
member preferably includes one or more sealing members at an end portion The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion lbTslovringdcrmitbjernandreL The lhoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a prog for 
blocking the inlet port. The shoe preferably is drillable, 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that mchiries positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping r el ati o ns hip , pressurising a 
portion of the interior region of the second tubular member; and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurbdng of the portion of the mterior region of the second 
tubular member is preferahry provide 
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600 to 9,000 psL Hue pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. Tbe method further preferably includes 
sealing the overlap b etween the first and second tubular members. The method 
5 further pnrferabry iMdude^ 
the overlap with the aecond tubular member. The method further preferably 
inn hi rift s lubricating the surface of the mandreL The method further preferably 
includes absorbing shock. 

A liner for use in creatinganew section cashig ma subterranean 

10 formation adjacent to an already existing section of weHbore casing has been 
described t hat inchxdea an annular member. The armuiax member inchi^ 
mareaealingmembersatanejidporti^ 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular bodty of a cured fluidic sealing material The tabular liner is fbnnedbythe 
process of extruding the tubular liner off of a znandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel Whin 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cored fluid* sealing material is preferably formed by the 
20 process of injecting 

region external of the tubular Kner. Dnrfng th» pr emising , the interior portion 
of the tubular liner is preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tabular Imer is preferably p 
to pressures ranging from about 500 to 9.000 psL The tubular liner preferably 
25 overlaps with an earistmg wellbore The waDboiB taring preferabry further 

includes a Bealrxrertto^ f hs tabular lingr <md tb» ^cHt^ 

wellbore casing. Tubular liner is preferably supported the overlap with the 
existing walflbore casing. 

A method of repairing an existing section of a weQbore casing within a 
SO borehole has hem described^ 

within the welibore rnsinf, rrfrrtmg* hi*fr ntm ft™** ^t*riril Intn the borrholr, 
pressurising a portion of an interior region of the tubular lin er , and radially 
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expanding the hner in the borehole extruding the liner off of the inandreL In 
a preferred qnbodiment, the fluMfc ™t#»ri*l nrfagfced from the group consisting 
of dag wiTT, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method fiT*^**- indndai fli»<Kr*y i«nl«fiTi g m interior re&an of the tabular liner 

5 from an exterior region of the tabular liner. In a p r efe rred embodiment, the 
injecting of the bod^rfihTMir TT^teriai is provided at operating pressures and flow 
rates ranging from about 500 to 9,000 psi and 40 to 3,000 gallona/min- In a 
preferred embodiment, the injecting of the body offluidlc material is provided at 
reduced oper at in g pr ess u res and flow rates dhiringan end portion of the extruding. 

10 In a preferred embodiment, the £^ I& 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurised. In a preferred embodimen^^ 

mandrel is pressurized to pressures ranging firom about 500 to 9,000 paL In a 
preferred embodiment, the method further includes overlapping the tabular liner 

15 with th*> »^ *Hn g TOllbnrft rasing, in a preferred embodiment, the method further 
includes y»»l™ff the interface between the tabular liner and the existing wellbore 
casing- In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore easing. In a preferred 
einbodiment,thexii^ 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred gmH~«™«"». method further includes lubricating the surface of the 
mandrel In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method ftirther includes catching the 
mandr el upon the completion of the extruding. In a preferred embodiment, the 

25 method ftirther includes expanding the mandrel in a radial direction. 

A tie-back finer for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured Quidic sealing 
material The tubular Hxier is formed by 

off of a mandr el The annrilarbody of a cored fluidic sealing material is coupled 
30 to the tubnlar liner. In a preferred embodim^ 

process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tabular liner. In a preferred embodiment, 
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during the pressurizing, tte 

from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular lhw 

500 to 9,000 psL In a preferred embodiment, the anrmlar body of a cured ftuidic 
5 sealing material is formed by 

sealing material into an anrmlmr region between the *rH**fn g wellbore cmring and 
the tubular liner. In a preferred embodiment, the tubular liner overlap* with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
farther includes a seal rxoitumfid in the overlap between the 

10 other existing weObore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing weDbare casing 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. Tfce mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandr el 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second Ouid passage, an interior portion, and an 

20 exterior portion. The interior portion of the shoe is drillahle. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tabular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable Ixxry. 
Preferably, the exterior portion of the mandrel '™nprim»B an expansion co n e, 
Preferably, the expansion cone is l&ricated torn material 
consisting of tool steel, titanium, and ceramic. Preferably, the expansion cone has 
a surface hardness ranging fromabout58to62Bockwelia Preferably at least a 
portion of the apparatus is drillable. 

Al t ho ugh fllngfaattve embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, Mime features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 fnrmfttirvn ftfiinprigmg* 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting ftoidic material into the borehole; 

5 pressurising a portion of an interior region of the tabular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off ofthemandreL 

12. A method of creating a casing in a borehole located In a section of a 
2 subterranean formation, the borehole having an already existing caring, 

8 comprising: 

4 drilling out a new section of the borehole adjacent to the already existing 

5 casing^ 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the aheany existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 flnidlcjy isolating the anmilg 

12 section of the borehole from an interior region of the tubular 1«i»r 

13 below the mandrel; 

14 injecting a non hardenahle fhikfir material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular Una* off of the expandable ma n drel; 

17 sealing the overlap between the tabular liner and the already ex isting 

18 casing; 

IS supporting the tubular liner with the overiap with the already existing 

20 casing ; 

21 removing the mandrel from the borehole; 
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22 testing the integrity of the seal of the o^tsri^ between the tubular liner 4nd 

23 the already existing casing; 

24 removing at least a portion of the hnrrienahte fluidic sealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 removing at least a portion of the cured fluidic hiiro^ 

29 within the tubular liner. 

1 8. An apparatus for expanding a tubular member, comprising: 

2 a support inembcr, the support m^^ 

3 a mandrel coupled to the support member t the mandrel i nc ludin g: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to tbe tubular lh» 

7 wherein the first, second and third fluid passages are operably coupled. 

1 4. An appgratug for expanding » tubular mamhar. comprising: 

2 a support member, the support member in cluding : 
S a first fluid passage; 

4 a second fluid passage; and 

5 a flow control valve coupled to the first and aecond fluid passage; 

6 an expandable mandrel coupled to the support member, the e xp andab le 

7 mandrel including a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing dements; 

11 a shoe coupled to the tabular member, the shoe including: 

12 a fourth fluid passage coupled to 

13 fluid passage adapted to receive a stop member; and 

14 oiie ox more exbaust passages coupled to t^ 

15 injecting fluidk: material outside of to 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 
IS interior region of the tabular member 

1 5. A method of joining a aecond tubular 

2 first tabular member having an inner diameter greater than an outer diameter of 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tabular 

5 member; 

6 nressurionga portion of tto 

7 and 

8 extruding the second tabular member off of the mandrel into en g a g ement 

9 with the first tubular member, 

1 6. A tubular liner, comprising: 

2 an annular m—wK^ fHo annular fn*>iTiriiwg » 

3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relM^ 

6 member. 

1 7. A wellbore casing, comprising: 

2 a tubular liner, the tubular Y™*t formed by the process of: 

3 extruding the tubular Hner off of a mandrel; and 

4 an annular bocfcr of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for lining an existing wellbore ranng, comprising: 

2 a tubular liner, the tubular liner formed by the process o£ 

3 extrnding at least * portion *"fr»*nr finer mandre l; and 

4 an annular body of a cured fluidk «»»1i"g material coupled to the tub ular 

5 liner. 
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An apparatus for expanding a tubular member, comprising: 

a support member including a first Quid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operabry coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is drillable; 
an *yp«TnKM» tubular member coupled to the mandrel; and 
a shoe coupled to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wterem the interior portion of the shoe is drillabie. 
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